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(71) We, Mullard Limited, of Aba- 
cus House, 33 Gutter Lane, London, E.C.2, 
a British Company, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

This invention relates to a circuit arrange- 
ment comprising a frequency discriminator 
for producing an output signal which de- 
pends on the sign of the deviation (if any) 
of the frequency of an input signal thereto 
from the resonant frequency of a resonant 
circuit included in said discriminator. 

There is considerable interest at present 
in the idea of replacing conventional reson- 
ant circuits employing discrete inductors 
and capacitors by circuits which operate in 
a similar way but which do not include in- 
ductors as such. It has been known for some 
years that such replacement is possible, for 
example by employing an active circuit 
known as a gyrator as disclosed, for example 
in the article by Tellegen in Philips Research 
Reports 3 9 81—100 (April 1948) and as dis- 
cussed, for example, in Chapter 10 of the 
book "Analysis and Synthesis of Linear 
Active Networks" by S. K. Mitra. Recently 
this has become highly desirable because of 
the large-scale use of integrated circuitry, 
it being advantageous in apparatus employ- 
ing integrated circuits to "integrate" as 
much of the circuit of the apparatus as 
possible, because this can result in a con- 
siderable cost saving. It is not possible to 
construct a discrete inductor in integrated 
circuit form, whereas it is possible to inte- 
grate a gyrator circuit having a capacitor 
across one of its ports, this having. substan- 
tially the same properties as an inductor. A 
disadvantage of employing an integrated 
active resonant circuit, for example of the 
kind including a gyrator, is that the reson- 
ant frequency of the active circuit is liable 
to differ from that desired by an amount 
which is sufficient to necessitate its correc- 
tion under operating conditions, for example 



by an operator adjusting the magnitude of 
a correcting voltage applied thereto. It is 
an object of the invention to mitigate this 
disadvantage. 

The invention provides a circuit arrange- 
ment comprising a frequency discriminator 
for producing an output signal which de- 
pends on the sign of the deviation (if any) 
of the frequency of the input signal thereto 
from the resonant frequency of a first re- 
sonant circuit included in said discrimina- 
tor, said resonant frequency being adjust- 
able by applying an adjusting signal to an 
adjusting signal input of said first resonant 
circuit, a coupling from an output of the 
discriminator to the adjusting signal input 
for applying a signal to said adjusting signal 
input dependent on the sign of said deviation 
to adjust said resonant frequency towards 
that of the input signal, a second resonant 
circuit the resonant frequency of which is 
adjustable by applying an adjusting signal 
to an adjusting signal input of said second 
resonant circuit, and a coupling from an 
output of the discriminator to the adjusting 
signal input of the second resonant circuit 
for applying an adjusting signal thereto to 
adjust the resonant frequency of said second 
resonant circuit with the adjustment of the 
resonant frequency of the first resonant cir- 
cuit, both of said couplings including an 
integrator circuit, the inductive compon- 
ents of said first and second resonant cir- 
cuits each being constituted by an active 
circuit, both of said resonant circuits being 
integrated on the same semiconductor chip. 

The discrminator can thus be made to 
automatically adjust both the frequency to 
which it is itself tuned and the frequency 
to which the second resonant circuit is tuned, 
so as to match the frequencies of both the 
resonant circuits more closely to those of the 
input signals thereto. 

This can be particularly advantageous if 
the inductive components of the first and 
second resonant circuits are each constituted 
by a gyrator circuit having a capacitor con- 
nected across one of its ports, because in 
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that case it is particularly easy to ensure 
that any deviation from the desired reson- 
ant frequency exhibited by one resonant 
circuit is accompanied by a corresponding 
5 deviation in the other and that the same* 
value of adjusting signal is required to cor- 
Jjct , tne reso *iant frequencies of both (even 
if the desired resonant frequencies differ 
from each other). 

10 j An embodiment of the invention will be 
described more fully by way of example, 
with reference to the accompanying drawing 
which is a diagram of part of the sound IF 
channel (up to and including the detector) 

15 of a colour television receiver, and part of 
the chrominance signal channel thereof. 
„Jn ttie drawing an IF amplifier for the 
6MHz frequency-modulated sound carrier of 

on Vi levisi ? n receiver includes a limiting am- 

*v plifier 1 fed from an input terminal 2, and a 
quadrature detector 3 which forms part of 
a frequency discriminator. An audio out- 
put signal can be taken from an output 
terminal 4. K 

25 The terminal 2 is fed with the frequency- 
modulated 6 MHz sound carrier from the 
first detector 5 of the receiver, which also 
feeds a 4.43 MHz quadrature-modulated 

, A chrominance signal to an input 6 of an 

-*U amplifier 7. the output of which is coupled 
to an output terminal 28. 

The circuits shown include three parallel- 
resonant circuits each of which comprises 
a gyrator circuit (8, 9, 10 respectively) hav- 

35 ,ng a capacitor (11, 12, 13 respectively) con- 
nected across one of its ports, (which gyra- 
tor-capacitor combinations each effectively 
constitutes an inductance), capacitors 14 15 
16 respectively being connected across' the 

w other ports of the gyrators to produce the 
parallel-resonant circuits. All of the com- 
ponents 8 — 16 are constructed in integrated 
circuit form on the same semi-conductor 
chip, preferably together with a d.c. ampli- 

45 fier 17, capacitors 19 and 20, and a resis- 
tor 18. Quadrature detector 3 and a capa- 
citor 21 and a resistor 22 are also preferably 
provided in integrated circuit form on this 

50 able' amplifiers 1 and 7 is practic- 

Parallel-resonant circuits 8, 11, 14 and 9, 
12, 15 are constructed in known manner to 
be nominally resonant at 6 MHz, and paral- 
le -resonant circuit 10, 13, 16 to be nomin- 

55 ally resonant at 4.43 MHz. Because the 
capacitors 11—16 are constructed as reverse- 
biased diodes the capacitances thereof, and 
hence the actual frequencies at which the 
various resonant circuits resonate, can be 

60 varied by varying the actual reverse bias 
on these diodes, by varying the potential on 
a line 23. Because components 8—16 are 
integrated on the same semiconductor chip 
^? b f a^ged that they are matched 

65 sufficiently well one to another so that the 



same potential is required on the line 23 to 
bring each resonant circuit substantially ex- 
actly to its desired resonant frequency. This 
adjustment is achieved automatically as fol- 
lows: — 70 

Resonant circuit 9, 12, 15 is the resonant 
element of a frequency discriminator com- 
prising this resonant circuit, quadrature de- 
tector 3, capacitor 21 and resistor 22. This 
discriminator operates in the usual way, the 75 
value of capacitor 21 being such (for ex- 
ample 10— 15pF) that the signal which ap- 
pears at its junction with resistor 22 and 
hence which is applied to input 24 of detec- 
tor 3, is very nearly 90° out of phase with 80 
the signal applied to input 25 of detector 
3, provided that these input signals are at 
the resonant frequency of the circuit 9 12 
15. Any deviation of the frequency of the 
input signal from this frequency will result 85 
in an output appearing at terminal 4, this 
output having a sign which depends on the 
sign of the deviation. Thus when the reson- 
ant circuit 9, 12, 15 is resonant at 6 MHz 
the output at terminal 4 will correspond to 90 
the frequency-modulation of the sound ear- 
ner only. The roll-off frequency of integra- 
tor circuit 18, 19 is chosen to be below the 
lowest frequency of this modulation, for 
example 30 Hz, so that d.c. amplifier 17 95 
is provided with zero input under these cir- 
cumstances, with the result that zero signal 
results on line 23. fin fast line 23 is ar- 
ranged to carry a steady d.c. bias to provide 
the nominal reverse bias for diodes 11—16). 100 
However, if the resonant frequency of 9, 12, 
15 is different from the input frequency 
(which will also then be true of the reson- 
ant frequencies of resonant circuits 8, 11, 
14 and 10, 13 ? 16) a d.c. component' will 105 
appear at terminal 4, the sign of this com- 
ponent depending on whether the resonant 
frequency of 9, 12, 15 is above or below the 
input frequency. This d.c. component is 
then amplified by amplifier 17 and applied 110 
to line 23 so as to vary the capacitances of 
diodes 11—16 to bring the resonant fre- 
quencies of the various resonant circuits 
towards those of the input signals thereto. 
The amount of correction obtained will 115 
obviously depend on the gain in the feed- 
back loop containing amplifier 17 to the 
diodes 12 and 15, the resonant frequency 
of circuit 9, 12, 15 settling at a value which 
is offset from the input frequency thereto 120 
by an amount sufficient to maintain the 
necessary correcting bias on diodes 12 and 
15. (If the output signal from the dis- 
criminator is sufficiently high amplifier 17 
may be omitted). " 125 

Capacitor 20 is included to maintain 
some decoupling between the various com- 
ponents connected to line 23. 

If desired the audio output may instead 
be taken from terminal 26, it then being 130 
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necessary to increase the roll-off frequency 
of integrator circuit 18, 19 to above the 
highest frequency, for example 20 KHz, of 
the modulation of the sound carrier. 
5 As a further alternative the circuit ar- 
rangement may be used with an amplitude- 
modulated sound or other carrier which will 
then have to be taken off prior to the quad- 
rature detector, for example at terminal 

10 27, and fed to an amplitude-demodulator 
(not shown). 

If desired a form of frequency discrimina- 
tor other than that including a quadrature 
detector may alternatively be used. For 

15 example a so-called "Foster Seeley" dis- 
criminator may be used, with the discrete 
inductors normally used therein replaced by 
active circuits, for example gyrators each 
having a capacitor connected across one of 

20 its ports. 

WHAT WE CLAIM IS: — 
1. A circuit arrangement comprising a 
frequency discriminator for producing an 

25 output signal which depends on the sign of 
the deviation (if any) of the frequency of 
an input signal thereto from the resonant 
frequency of a first resonant circuit included 
in said d^criminator, said resonant frequency 

30 being adjustable by applying an adjusting 
signal to an adjusting signal input of said 
first resonant circuit, a coupling from an 
output of the discriminator to the adjust- 
ing signal input for applying a signal to 

35 said adjusting signal input dependent on the 
sign of said deviation to adjust said reson- 
ant frequency towards that of the input sig- 
nal, a second resonant circuit the resonant 
frequency of which is adjustable by apply- 

40 ing an adjusting signal to an adjusting sig- 



nal input of said second resonant circuit, 
and a coupling from an output of the dis- 
criminator to the adjusting signal input of 
the second resonant circuit for applying an 
adjusting signal thereto to adjust the re- 45 
sonant frequency of said second resonant 
circuit with the adjustment of the resonant 
frequency of the first resonant circuit, both 
of said couplings including an integrator 
circuit, the inductive components of said 50 
first and second resonant circuits each being 
constituted by an active circuit, both of said 
resonant circuits being integrated on the 
same semiconductor chip. 

2. An arrangement as claimed in Claim 55 
1, wherein each of said active circuits com- 
prises a gyrator circuit having a capacitor 
connected across one port. 

3. An arrangement as claimed in Claim 

1 or 2 wherein the second resonant circuit 60 
is included in a channel for said input signal 
to the input of the discriminator. 

4. An arrangement as claimed in Claim 
1 or 2, wherein the second resonant cir- 
cuit has a resonant frequency substantially 65 
different from that of the first resonant cir- 
cuit. 

5. An arrangement as claimed in any 
preceding claim, including means for supply- 
ing a signal of predetermined frequency to 70 
said frequency discriminator. 

6. A circuit arrangement substantially 
as described herein with reference to the 
drawing. 

G. V. CARCASSON, 
Chartered Patent Agents, 

Mullard House, 

Torrrngton Place, 

London, W.CL 
Agent for the Applicants. 
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